methylethoxy)-3-cyclobutene-1,2-dione) (title compound, Fig.  1 ), reported by Liebeskind et al. 1 possesses unique characteristics in the single-crystal phase, such as a dielectric response 2 and an increase in the p-resonance, 3 due to proton migration via quasi-one-dimensional hydrogen bonding. These characteristics originate from the concerted dynamics of the p-electrons and proton involved in strong hydrogen bonding, which has been confirmed by crystal structure, 13 C-NMR, and DFT analyses. Most of the discussion emphasises the effect of hydrogen bonding. Further, the property originating from a bisquaric framework is not well considered. Accordingly, we analysed the single-crystal structure of the title compound in which the hydrogen bonding is quenched so as to investigate the p-electron system in the molecular framework.
The title compound and its single crystal were prepared by Liebeskind's method. 1 The single crystal was mounted on a glass capillary, transferred to a Bruker AXS SMART APEX diffractometer equipped with a CCD area detector and Mo Ka (l = 0.71073 Å) radiation, and centred in the beam at room temperature (293 K). The structure was solved and refined with SHELXS-97 and SHELXL-2014/7 (ref. 4) , respectively, by the direct method before being expanded by Fourier techniques. A least-squares refinement was first carried out with all nonhydrogen atoms refined isotropically, with a subsequent assignment of the anisotropic thermal parameters to these atoms to achieve convergence. Hydrogen atoms were located by difference Fourier mapping, and all parameters were refined. All isotropic displacements of the hydrogen atoms were greater than the equivalent isotropic displacements of their connecting atoms.
Crystal data are given in Table 1 , as well as an ORTEP view is illustrated by ORTEP-3 (ref. 5). The atom numbering scheme is shown in Fig. 2 . PLATON software 6 suggested the presence of very weak intramolecular (C5-H5·O2) and intermolecular (C5-H5·O1 i ) hydrogen bonds. However, these are non-classical hydrogen bonds, and hence are insignificant for conjugated p-electron systems due to the low probability of proton migration. Table 2 summarises the lengths of the weak hydrogen bonds and C-C bonds of four membered ring and linker bond. The length of the C1-C4 bond is similar to that of the ethylene carbon-carbon double bond (1.33 Å), 7 while the cyclic linker C1-C1a and the adjacent C1-C2 bond lengths are similar to the sp 2 -sp 2 bond length (1.47 Å). 7 On the other hand, the C2-C3 and C3-C4 bonds are shorter than the carbon-carbon
The structure of 4,4¢-bi(3-(1-methylethoxy)-3-cyclobutene-1,2-dione) was determined by X-ray crystallography. A symmetry operation (-x+1, -y+1, -z+2) generated the whole molecule. The compound crystallised in a monoclinic system and was characterised as follows: P21/c, a = 5.6929(5)Å, b = 13.3409(13)Å, c = 9.5865(9)Å, b = 106.414(2)˚, Z = 2, V = 698.41(11)Å 3 . The crystal structure was solved by a direct method and refined by full-matrix least-squares on F 2 to obtain final values of R1 = 0.0423 and wR2 = 0.00894. The carbon-carbon (C-C) bond lengths suggested that not only the cyclic-linker C-C bond, but also adjacent C-C bonds, are involved in two kinds of delocalised electron systems. 8 of cyclobutene and longer than the single bonds of squaric acid (ca. 1.46 Å), 9 whose p-electrons are localised around the double bond at room temperature, as suggested by a neutron diffraction study. This indicates that the p-electrons are originally localised around the C1-C4 bond, but they may be delocalised over C4-C1-C1a-C4a or C2-C1-C4. Figure 3 proposes two possible resonance structure models based on the C-C bond length. Interestingly, p-electron delocalisation is not observed in four-membered ring systems, although it is observed in squaric acid, at 121˚C. 10 Our proposed models can explain the bisquarate anionic state model 3 and the zwitterionic model 2 of bisquaric acid. Therefore, bisquaric acid in the solid phase displays enhanced p-electron delocalisation resulting from the concerted dynamics of the p-electrons and proton involved in the strong hydrogen bonding.
In conclusion, the crystal structure of 4,4¢-bi(3-(1-methylethoxy)-3-cyclobutene-1,2-dione) was determined by X-ray crystallography. Based on the observed carbon-carbon bond length, two probable resonance structure models were proposed for the molecule, in which p-electrons did not delocalise around the four-membered rings. Symmetry code: i = -x, 1/2+y, 1/2-z, a = -x+1, -y+1, -z+2. 
